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Abstract

Background: Defining shedding and exposure status for PRRSV is essential in herd stabilisation protocols and
weaning-age pigs is a key subpopulation. Oral fluid (OF) sampling is a welfare-friendly and cost saving promising
alternative to blood sampling. The first objective of our study was to compare the rate of detection of PRRSV-1 in
individual serum sample, individual OF sample, litter-based OF sample, collected the day before weaning. The second
objective was to evaluate the interest of pooling samples.

Results: The study was performed on a 210-sows, PRRSV-1 exposed, with confirmed shedding, non-vaccinated against
PRRSV, herd. 80 litters were sampled and 26 were viropositive and therefore included. The rate of detection of PRRSV-1
with RT-qrtPCR in blood samples, iOF and cOF was 67, 23 and 77%, respectively. The Ct values from RT-qrtPCR on
collective OF were statistically lower if the serum of the piglet of the litter was positive. The lower the Cycle
threshold (Ct) value of RT-qrtPCR on collective OF, the higher the probability that the serum sampled in the
same litter was positive. Ability to detect PRRSV RNA after pooling was 67% for sera and 58% for cOF.

Conclusions: The rate of detection of PRRSV-1 was about the same in cOF and blood samples. Virus sequencing, if
required, should be performed on individual serum samples. The smaller the Ct of a cOF sample from a litter, the
greater the likelihood that the serum sample from a piglet of that litter is positive.
A cost-effective and representative sampling protocol to monitor sow herds stabilisation of a sow batch could
be: to collect both cOF and one serum sample per litter; to perform firstly RT-qrtPCR on pooled cOF; in case
of negative results to consider the batch negative; in case of positive results in a unvaccinated herd or a killed
vaccine vaccinated one to consider the batch positive; in case of positive result in a herd vaccinated with a modified
live vaccine serum samples of litters with positive cOF should be tested for sequencing (selecting the litters with the
lowest Ct for cOF).
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Background
Porcine Reproductive and Respiratory Syndrome (PRRS)
is caused by a virus of the Arteriviridae family known as
PRRS virus (PRRSV) and has become enzootic in most
pig production areas [1]. It has a dramatic impact on the
health and welfare of pigs, making it the number one
enemy of the swine industry worldwide. In the USA,
production losses due to the disease were estimated to
reach US$ 560 million per year [2]. More recently, the
median annual loss per sow per year was estimated to
range from €101 up to €650, depending on the PRRS
disease scenario on the farm [3].
PRRSV strains can be genetically differentiated into

PRRSV-1 (mainly predominant in European countries)
and PRRSV-2 (mainly predominant in North America
and Asia) [4, 5]. In France, only closely-related PRRSV-1
strains have been isolated until now [6, 7].
Defining the herd status for PRRSV is essential for vet-

erinary practitioners when designing and monitoring
herd stabilisation protocols. Herd classification is based
on both the shedding and exposure status of the herd.
Assessing stability in breeding herds is important [8].
Polymerase Chain Reaction (PCR) will help determine
shedding of the herd while antibody-based tests help to
determine herd exposure. In sow herds vaccinated with
a modified live vaccine (MLV), detectable viraemia in
pigs can be associated with either vaccine strains or
wild-type virulent PRRSV strains. In these cases, sequen-
cing of PRRSV detected in the herd will allow identifying
the strain by sequencing of genes encoding open reading
frames (ORF) five and seven (ORF5, ORF7).
A relevant subpopulation in pig herds are weaning-age

pigs [8]. Prior to weaning, piglets can be infected by ver-
tical transmission from viraemic sows, either during ges-
tation (around 90 days of gestation) or by nose-to-nose
contact [9]. Studying viraemia in piglets prior to weaning
is therefore a good approach to monitor PRRSV shed-
ding in sow herds. In PRRSV-positive herds, the lack of
detectable viraemia in 30 weaning-age pigs from 4 differ-
ent farrowing batches in a 3-month period is required to
classify the herd status as positive stable [8].
Pathogen surveillance in commercial pig herds is lim-

ited by labour costs and the time needed for sampling.
The goal is to optimize the pathogen detection capacity
with minimal sampling and testing costs. The collection
of oral fluid (OF), defined as ‘the fluid obtained by the
insertion of absorptive collectors in the mouth’ [10],
seems to be a promising option. OF is a mixture of saliv-
ary gland and oral mucosal secretions [11] with a com-
position similar to that of serum [12]. Although this type
of sampling was introduced to swine practice relatively
recently, it has been widely studied, as the potential for
OF based-diagnostics is substantial [13]. OF sampling
provides a welfare-friendly method for monitoring swine

pathogens [14]. Samples are easy to obtain with non-in-
vasive procedures and can be collected by a single per-
son. OF samples may be collected at both individual or
group (pen) level. The feasibility of individual OF sam-
pling has been studied for boars [15], sows [16, 17] and
growing pigs [18]. Pen-based OF sampling uses the nat-
ural behaviour of pigs [19] and their need to explore
their environment [20]. The feasibility of pen-based OF
sampling has been demonstrated for growing pigs
[21, 22] and sows [23].
Serum collected from individual pigs was long consid-

ered as the best diagnostic sample for the monitoring
and surveillance of PRRS [4]. As blood sampling is intru-
sive and stressful, alternative sampling methods have
been proposed. Recent research has shown that PRRSV
nucleic acids and antibodies can be detected in porcine
OF [4, 13, 23] and processed fluids [24]. However, to our
knowledge, only one study has evaluated the detection
of PRRSV by PCR in weaning-age pigs using OF samples
[25]. That study, performed in US sow herds, evaluated
the transmission of North American PRRSV strains. It
was conducted on PRRSV-vaccinated commercial swine
farms and compared PRRSV detection in OF collected at
litter level 1 day prior to weaning with PRRSV detection
in serum of the sows 2 days post-weaning.
The first objective of our study was to compare the

rate of detection of PRRSV in pigs using three different
types of samples (individual serum sample, individual
OF sample, litter-based OF sample), collected the day
before weaning in an unvaccinated PRRSV-1 positive un-
stable herd. The second objective was to evaluate the
interest of pooling samples in batches of five.

Material and methods
Study design
The study was observational and cross-sectional
The study was performed on a 210-sow farrow-to-finish
herd in Brittany, France. Sows were allocated into 7
batches of 30 sows each. Piglets were weaned at around
28 days of age. The herd was PRRSV positive. In suck-
ling piglets, circulation of a PRRSV-1 strain was con-
firmed by RT-qrtPCR and sequencing in December
2016. No vaccination against PRRSV was performed in
this herd.
The study units were the batch and the litter. Four

non-consecutive batches were included. In each batch,
all litters were sampled (except for batch 4 where 20 lit-
ters were selected randomly).

Sampling and pooling
Samples were collected simultaneously on the day prior
to weaning. For each litter, we collected the following
samples: blood sample and individual OF (iOF) sample
from the weakest piglet in the litter; collective OF (cOF)
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sample from the litter. Blood samples were collected
from the cranial vena cava in plain test tubes and centri-
fuged at the laboratory to separate serum. In the same
piglet, individual OF was collected by allowing the piglet
to chew one dry cotton device. The cOF sample was col-
lected using an untreated 100% cotton rope that was
presented to the piglets of the litter without prior train-
ing. One end of a 50 cm rope (0.8 cm diameter) was
knotted and attached with pliers to the middle of the
farrowing crate wall. The other end (unknotted) arrived
at shoulder level of the smallest piglet. After 30 min, the
lower (wet) portion of the rope was inserted into a dis-
posable plastic bag. The rope was manually wrung out
inside the plastic bag to release the oral fluid, after
which a corner of the bag was cut and the sample was
transferred into a 10 ml tube, and kept in cool storage
until submission to the laboratory. To avoid cross-con-
tamination between samples, gloves were changed be-
tween each cOF sample manipulation.
Samples were collected between December 2016 and

August 2017. A total of 4 batches and 110 litters were
sampled (30, 30, 30 and 20 litters per batch).
For the evaluation of pooling, in each batch, samples

constituting the pool were randomised at the laboratory.
A pool of 5 serum samples represented 5 pigs and a pool
of 5 cOF at least 50 ones.

Laboratory analysis
Reverse transcription quantitative real-time PCR (RT-
qrtPCR) (Labofarm, Finalab Veterinary Laboratories
Group, Loudéac, France) was performed on OF and
blood samples, both individual and pooled samples. In
case of a positive result at batch level, ORF 5 and ORF 7
sequencing was performed for each sample type and for
individual tests and pools. We decided to sequence the
sample with the lowest cycle threshold (Ct).

Detection of PRRSV by reverse transcription real-time PCR
Before ribonucleic acid (RNA) extraction, cOF samples
were clarified by centrifugation at 1000 g for 10 minutes.
The supernatants were used for the analysis. The iOF
samples were not pre-treated. Samples (OF or sera) were
pooled by mixing and vortexing five individual 100 μL
samples. RT-qrtPCR was performed on both individual
and pooled samples. The total RNA was extracted from
OF and sera using QIAamp RNA miniKit (Qiagen,
Venlo, The Netherlands) following the manufacturer’s
protocol. 140 μL of sample were added to 560 μl of
lysis buffer and incubated for 10 minutes at room
temperature. At the end of the protocol, total RNA
was eluted in 50 μl of AE buffer and kept at − 20 °C
until use. PRRSV was detected using ORF7 in-house
specific primers and probes. Amplification was per-
formed using an AgPath-ID One-Step RT-rt-PCR kit

(Ambion, Thermofisher Scientific, Gent, Belgium) and
ARIA MX Real Time PCR system (Agilent Technologies,
Les Ulis, France). For each assay, positive and negative
controls were tested with field samples. Samples with a Ct
lower than 40 and curve showing specific exponential
shape were considered as positive. Theoretically we as-
sumed that the lower was the Ct, the higher was the viral
nucleic acid quantity in the sample.

ORF 7 and ORF 5 sequencing
ORF7 and ORF5 were amplified using specific primers
[26, 27]. Fragments of 672-base-pairs (bp) and 734 bp
were amplified for ORF7 and ORF5, respectively. PCR
was performed using the Qiagen multiplex PCR kit (Qia-
gen, Venlo, The Netherlands) in a total volume of 25 μL
containing 20 g of DNA template, 12.5 μL of Qiagen
PCR Master Mix, 2.5 μL of Qiagen Q-solution and
2.5 μL of primer mix at 10 μM each. PCR tests were car-
ried out using a SimpliAmp thermal cycler under the
following conditions: initial denaturation at 95 °C for 15
min, followed by 35 cycles of denaturation at 95 °C for
30 s, annealing at 52 °C for 30 s, and extension at 72 °C
for 90 s, with a final extension step at 60 °C during 30
min. The amplification success was assessed by electro-
phoresis on LabChip GX Analyser (Caliper Life Sciences,
Hopkinton, USA). Successful PCR products were puri-
fied using AMPure beads (Beckman Coulter, Brea, USA)
before sequencing using the ABI Big-Dye Terminator
v3.1 Cycle Sequencing Kit following the manufacturer’s
protocol (Thermofisher Scientific, Gent, Belgium) and fi-
nally sequenced on an ABI 3130xl DNA sequencer (Ap-
plied Biosystems, Thermofisher Scientific, Gent, Belgium).

Statistical analysis
To assess the ability of the three index tests (one index
for each kind of sample) to detect PRRSV-1 RNA, the
result of each test was compared to a reference standard.
We defined the reference standard at study unit level
(batch or litter) as the cumulative result of the three
samples tested. Thus, a litter or a batch was considered
positive if at least one of the three samples was positive.
This design implicitly considered that the specificity
of the RT-qrtPCR was 100%, irrespective of the type
of sample.
To assess the efficiency of pooling, the result of each

pool of five samples was compared to the individual
analysis of these five samples, the individual analysis
being the reference. The individual analysis of the five
samples was considered positive if at least one of
them was positive.
Statistical analyses were conducted using R program-

ming language 3.4.1. The exact binomial test 95% was
used to compute the confidence intervals (CI) of rate of
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detection. The Wilcoxon rank sum test with continuity
was used to compare Ct between groups.

Results
Ability to detect PRRSV in three types of samples
Three out of the four tested batches had at least one
positive sample. RT-qrtPCR on both serum and cOF
samples was able to detect at least one positive litter in
each batch. RT-qrtPCR on iOF was unable to detect
PRRSV in one batch out of 3 (Table 1).
26 litters were tested positive out of 80 sampled in the

three positive batches. The rate of detection in a given
index test was defined as its capacity to detect those 26
positive litters. In blood samples, iOF and cOF, it was
calculated at 67, 23 and 77%, respectively. By taking both
blood samples and cOF into account, this allowed to
detect 96% of the positive litters (Table 2). Because of
this poor rate of detection of the virus in iOF sam-
ples, results with this type of sampling are not pre-
sented in this paper.

Comparative viral load in samples
Ct values were available for all positive results (16 sera
and 20 cOF). The lowest Ct value was 22.9 for
RT-qrtPCR on serum and 31.6 on cOF (Fig. 1). There
was a clear statistical tendency of lower Ct values
from RT-qrtPCR on serum than on cOF (Wilcoxon
test, p = 0.06).
The Ct values from RT-qrtPCR on cOF were statisti-

cally lower if the serum of the piglet of the litter was
positive (Wilcoxon test, p = 0.02, Table 3). With a lower
Ct value of RT-qrtPCR on cOF, the probability that the
serum sampled in the same litter was positive was con-
sistently higher: for litters with a Ct value of RT-qrtPCR
on cOF over 36.7 only 20% of the piglet serum was posi-
tive, whereas for litters with a Ct value below 36.7 (in-
cluded), 80% of the piglet serum was positive (Fig. 2).
This relation is not symmetric: the Ct values from
RT-qrtPCR on serum were not statistically different
given the qualitative result of the RT-qrtPCR on cOF
(Wilcoxon test, p = 0.58, Table 4).

Ability to detect PRRSV in pools of five samples
A total of 22 serum pools and 22 cOF pools were consti-
tuted. Ten of the serum pools and 10 of the cOF pools
were constituted of negative samples only and these 20
pools were tested negative. There was therefore no lack
of specificity by pooling. 12 of the sera pools and 12 of
the cOF pools were made up of samples with at least
one of which was positive. Ability to detect PRRSV RNA
after pooling was 67% for sera and 58% for cOF (Table 5).
The Ct values of RT-qrtPCR on positive pooled sera
ranged from 24.8 to 36.3. The Ct values of RT-qrtPCR
on positive pooled cOF ranged from 35.1 to 39.4.
The probability for a pool to be tested positive in-

creased with the number of positive samples in the pool.
All the pools (n = 3) of serum samples and five of the six
pools of cOF samples with at least two positive individ-
ual samples were positive. However, only five out of nine
pools of serum and two out of six pools of cOF samples
with only one positive individual sample were positive.
For the three positive batches, at least one of the pool
analyses was positive, either for serum pools or cOF
pools (Table 6).

Sequencing
Sequencing from individual sera was successful for all
three batches for ORF7 and one batch for ORF5. None
of the cOF samples (whether from individual or pooled
samples) or of the pooled serum samples could be suc-
cessfully sequenced.

Discussion
Pathogen surveillance on commercial swine farms pro-
vides information for veterinary practitioners on the
health status of the herd and allows the design of pro-
active pathogen control protocols, which is of particular
interest for PRRSV. Surveillance of the virus on farms al-
lows to determine the herd status regarding PRRSV
shedding and exposure. There is a need for higher diag-
nostic sensitivity for increased reliability of the status.
Two pillars of diagnostic sensitivity are the analytical
sensitivity of the test and the number of pigs sampled in

Table 1 Results of the three index tests at batch and litter level

Number of PRRSV RNA-positive samples

Batch Number of litters serum Collective
Oral Fluid

Individual
Oral Fluid

Standard

1 30 0 0 0 0

2 30 4 6 4 8

3 30 7 7 2 11

4 20 5 7 0 7

The reference standard is the cumulative result of the three samples tested

Table 2 Rate of detection of PRRSV RNA in the three index
tests at litter level

Number of PRRSV
RNA-positive samples

Index test Standard Rate of
detection

95% Confidence
Interval

Serum 16 26 62% 41–80

Individual Oral Fluid 6 26 23% 9–44

Collective Oral Fluid 20 26 77% 56–91

Serum + collective
Oral Fluid

25 26 96% 80–100

The reference standard is the cumulative result of the three samples tested
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the epidemiological unit. RT-qrtPCR is one of the most
commonly used tests for the diagnosis of PRRSV shed-
ding because of its high sensitivity and specificity [15].
Sampling collective OF is a way to dramatically increase
the number of pigs sampled, while collection is easy,
quick and stress-free for pigs and humans. The use of
OF for the diagnosis of PRRSV has been well docu-
mented for growing and adult pigs, but studies are lack-
ing in weaning-age piglets even though this is an
important subpopulation to determine the PRRSV herd
status. Kittawornrat et al. [25] described the PRRSV-2
shedding in OF using litter-based collection with a
cotton rope presented to weaning-age piglets. In our
knowledge, our work is the first one exploring PRRSV-1
shedding in suckling piglets’ OF.
The objective of our field study was to compare the

ability of detection of PRRSV-1 using three different
samples. In our study, the true PRRSV status of litters
was unknown because not all piglets were bled. Thus
the sensitivity couldn’t be calculated for each index test
because of the lack of an accepted gold standard. We
only aimed to compare the interest of OF samples with
the usual protocol based on blood sampling at weaning
in one piglet per litter [8].

PRRSV RNA could be detected in all types of sample
tested with RT-qrtPCR. Replication in local tissue such
as salivary glands and tonsils may explain the presence
of PRRSV in OF [18]. In our study, we observed a high
correlation for the detection of PRRSV-positive litters
between serum sampled from the weakest piglets within
the litter and cOF. However, less PRRSV RNA was
found in cOF compared to serum. The viral load analysis
based on Ct suggests that the ability of detection of
PRRSV in serum and cOF assays, although similar, are
based on different mechanisms. RT-qrtPCR on serum
samples had a lower Ct and therefore a probably higher
viral load than cOF. The ability to detect PRRSV RNA is
therefore higher for serum. However, not all piglets in a
litter were necessarily viraemic, so a unique serum sam-
ple was not always sufficient to determine PRRSV status
of a litter. On the other hand, using cOF involves a
higher number of animals sampled, as most piglets chew
the rope. This increase in the number of animals sam-
pled increased the chance to detect PRRSV RNA in a lit-
ter. This hypothesis is reinforced by the fact that the
viral load from cOF was statistically higher if the serum
of the weakest piglet of the litter was positive while the
opposite does not apply. This implied that the virus

Table 3 Cycle thresholds (Ct) of collective Oral Fluid (cOF) according to the qualitative result of the serum of the litter for detection
of PRRSV RNA using RT-qrtPCR (non-pooled analysis, p-value = 0.02)

Ct of RT-qrtPCR on cOF

Minimum 1st Quartile Median Mean 3rd Quartile Maximum

PRRSV RNA detection on serum Negative 33.3 37.1 38.2 37.7 38.8 39.9

Positive 31.6 34.4 35.6 35.5 36.6 38.5

Fig. 1 Distribution of Cycle threshold (Ct) values of non-pooled analysis for detection of PRRSV RNA using RT-qrtPCR. Boxplots show median,
quartiles, minimum and maximum values
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concentration in a cOF sample should be linked to the
number of positive piglets in the litter. This result was
consistent with De Regge [4] who demonstrated in
post-weaning pigs that the probability to detect PRRSV
in a pen-based OF sample is correlated with the percent-
age of RT-qrtPCR-positive pigs for serum per pen.
In our study, PRRSV detection in iOF collected from

the weakest piglet of each litter had a significantly lower
rate of detection of PRRSV compared to serum and cOF.
According to our hypothesis described above, the viral
load in iOF may be low, even under the detection
threshold. These results are in accordance with previous
studies, which found that iOF had a lower detection rate
than serum samples which had the best performance
during the acute phase of infection [15].
Lower viral loads in OF might also be explained by

technical issues with OF matrix. For PRRSV-2, it has
been demonstrated that untreated cotton is the best
matrix for OF collection [28], and that samples are best
kept refrigerated until analysis [13]. In our study, these
recommendations were respected. The OF samples were
cooled immediately after collection and kept in cool
storage until analysis at the laboratory. Saliva is known
to contain inhibitors that can reduce analytical

sensitivity [15]. RNA is rapidly degraded in OF and ana-
lysis pre-processing can therefore be critical. Centrifuga-
tion will sediment large particles such as feed fragments,
but is insufficient to remove enzymes or others proteins
[29]. Centrifugation of OF at speeds of up to 15,000 g
for 15 min resulted in increased sensitivity of PCR for
the lowest viral loads and reduced the mean Ct of sam-
ples [29]. In our study, OF samples were centrifuged at
1000 g for 10 minutes and it can be debated whether this
was sufficient to obtain a good quality RNA and perform
PRRSV sequencing. Other publications have divergent
opinions on the usefulness of centrifugation [25, 28, 30].
Finally, the effects of pooling serum and OF samples

on PRRSV detection were evaluated. In order to test a
large number of pigs, pooled samples analysis were rou-
tinely used for the monitoring of PRRS. Samples pooling
could also result in major savings of consumables and
time, thereby reducing the cost of analysis [15]. Never-
theless, pooling decreased detection level and should
therefore be used judiciously. The pooling of positive
and negative samples may reduce PRRSV detection level
due to dilution of the RNA [31]. An estimated 6% of
positive samples would be missed if pools of five serum
samples were used to detect PRRSV [31]. Another study

Table 4 Cycle thresholds (Ct) of the serum of the litter according to the qualitative result of the collective oral fluid (cOF) (non-pooled
PCR, p-value = 0.58)

Ct of RT-qrtPCR on serum

Minimum 1st Quartile Median Mean 3rd Quartile Maximum

PRRSV RNA detection on cOF Negative 26.8 34.4 34.6 34.6 37 40.3

Positive 22.9 29.9 33.6 33.1 36.8 41.8

Fig. 2 Qualitative result of the serum according to Cycle thresholds (Ct) of RT-qrtPCR on collective Oral Fluid of litter
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described a more significant decrease in sensitivity for
PRRSV detection for pools of five samples [15]. In our
study, when containing at least one positive individual
sample, 67% of pooled sera and 58% of pooled cOF sam-
ples were detected positive. This difference might be ex-
plained by the study design of Gerber et al., where pigs
were inoculated and sampled early after challenge while
our study was conducted under field conditions.
The virulence of PRRSV isolates may also influence
the number of samples that could be pooled in the
same RT-qrtPCR reaction [30]. In our study, the
rate of detection after pooling was sufficient at
batch level for detecting PRRSV.
The sequencing of PRRSV was conducted at the end

of the study. The Ct of RT-qrtPCR on cOF was lower
than that on serum and was insufficient to sequence the
virus. The cOF should therefore not be the only sample
taken if sequencing is required, particularly on MLV vac-
cinated farms. As pooling decreases the viral load of the
samples, sequencing should preferably be performed on
an individual positive serum sample.

Conclusions
Our study is the first to aim detecting PRRSV-1 RNA on
OF samples in weaning-age piglets from a farm infected
by PRRSV using RT-qrtPCR. It shows that when asses-
sing viral circulation in a litter of suckling piglets: (i) the
rate of detection of PRRSV-1 in cOF samples was similar
to that in serum; (ii) virus sequencing, if required,
should be performed on individual serum samples; (iii)
the smaller the Ct of a cOF sample from a litter, the
greater the likelihood that the serum sample from a pig-
let of that litter is positive.
A cost-effective and representative sampling protocol

to monitor sow herds stabilisation could be as follows:

1. collect both cOF and one serum sample per litter
2. first, perform PCR on pooled cOF
3. if results are negative, the batch can be considered

negative
4. if results are positive in a unvaccinated herd or a

killed vaccine vaccinated one, the batch is considered
positive

5. if results are positive in a herd vaccinated with a
MLV, serum samples of litters with positive cOF
should be tested for sequencing (selecting the litters
with the lowest Ct for cOF)
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Table 6 Ability to detect PRRSV RNA at the batch level using
RT-qrtPCR on sera and collective Oral Fluid (cOF) pooled by five

Number of positive pools

Batch Status Number of Pools serum cOF

1 Negative 6 0 0

2 Positive 6 2 3

3 Positive 6 4 1

4 Positive 4 2 3

Table 5 Ability to detect PRRSV RNA after pooling

Number of pools

Positive With at least one
positive sample

PRRSV RNA
detection rate

95% Confidence
Interval

Serum 8 12 67% 35–90

cOF 7 12 58% 28–85

For each sampling method, the reference was the presence of at least one
positive sample in the pool
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